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Key Concepts:

¢® How does the process of
science start and end?

¢3 What is the relationship
between science and
technology?

¢ What are the branches of

natural science?

Vocabulary Reading Strategy
+ science Previewing Skim the section to find out
+ technology what the main branches of natural science are.
+ chemistry Copy the concept map below. As you read,.
» physics. complete the concept map based on what you-
have learned.
+ geolagy -
+ astronomy Natural Science:
» biclogy l l L
r Physical ‘ a1 l b 7 J
e 7 ] A d 7 The study of
f— ’ living things

[ ———

Figure.1 In July 1997, the six-:

wheeled Sojourner rover. became: - -

the first robot to explore planet::.

Mars. The next generation of Mars. -

rovers will help scientists further
study the planet’s geology,-
geagraphy, and climate.-
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Chapter 1

Sﬁppose you could send a robot to another planet: What.kinds of
experiments would you program the robot to carry out? Before you

. programmed the robot; you:would need to figure out what informa--

tion you wanted it to gather. Scientists are currently developing robots,.
like the one in Figure 1, that they plan to send to Mars: These robots

- are.being designed to examine the atmosphere, rocks; gravity, and

magnetic fields of the planet.

Science involves asking questions about nature and then finding.
ways to answer them. This process doesn't happen by itself—it is
driven by the curiosity of scientists.

Science From Curiosity

Throughout history, human beings have had a strong sense-
of curiosity. Human curiosity led to the use of fire, the
building of tools, and the development of languages. Have:
you ever checked what was living at the bottom of a pond? .
Taken off the cover of a baseball to see what was inside?
Tried putting more chocolate or less in your milk to find
out how much would give the best flavor? These are all

* examples of curiosity, and curiosity is the basis of science.




Science is a system of knowledge and the methods you use to find
that knowledge. Part of the excitement of science is that you never know
what you will find. For instance, when you flip over a rock, will you see
crawling insects, a snake, or nothing at all? You won’t know until you
look. €3 Science begins with curiosity and often ends with discovery.

Curiosity provides questions but is seldom enough to achieve sci-
entific results. Methods such as observing and measuring provide ways
to find the answers. [n some experiments, observations are qualitative,
or descriptive. In others, they are quantitative, or numerical. Some
experiments are impossible to do, such as observing what happened at
the start of the universe. Scientists cannot go back in time to observe
the creation of the universe. However, they can use the evidence of the
universe around them to envision how this event occurred.

- & Reading.

g Checkpoint J‘) What is science:

Science and Technoloqgy

As scientific kiowledge is discovered, it can be applied in ways that - -
improve the lives of people. Technology is the use of knowledge to
solve practical problems; While the goal of science is to expand knowi-
edge, the goal of technology is to apply that knowledge. Imagine
living in the late 1700s, when there were no televisions, cars, antibi-
otics, or electricity. In a relatively small amount of time, people’s
lives changed dramatically. Perhaps-your grandparents were born
at a time when there were no televisions, and your parents were.
born at a time when. there were no personal computers. Tech—-
nology will have also. changed your world drarnatically by the.
time the generation following yours comes along.

Figure 2 illustrates the rapid evolution of the telephone, a
technology invented in 1876. Within two years, the first tele-.
phone operators were connecting calls by hand. The first-
coin-operated phones appeared in 1889. By 1927, it was pos-
sible to make a phone call from New York to London. World
War II saw the development of the first mobile telephones,
which paved the way for modern cellular phones. Today, you
can communicate by telephone between almost any two
places in the world.

{2 Science and technology are interdependent. Advances o
in one lead to advances in the other. For example, advances in e R -
the study of physics led to the invention of the transistor. The use of ~ F19ure 2 Teléphoneshave quickly

) ) ) ) o evolved from cumbersome, expensive
transistors, in turn, led to advances in various other scientific fields, machines to practical, cheap tools fOr
such as computer science and space science. communicating. Classifying  How 15

oA telephone an example of both:— .
science and technology?
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Figure 3 Natural science covers

a very broad range of knowledge.-
Interpreting Diagrams- How -
could you change this diagram

to shaw how the branches of
science can overlap?
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Qceanography- Genetics -

Branches of Science:

The study of science is divided into socjal science and natural science..
£ Natural science is generally divided into three branches: physical

branches can be further divided, as shown in Figure 3.

Physical science covers a broad range of study that focuses on non-
living things. The two main areas of physical science are chemistry and
physics. Chemistry is the study of the composition, structure, proper-
ties, and reactions of matter, Physics is the study of matter and energy
and the interactions between the two through forces-and motion.:

The application of physics and chemistry to the study of Earth is
called Farth science. The foundation of Farth science is ge%;gy, the study
of the origin, history; and structure of Earth. Geology has traditionally
focused on the study of Earth’s rocks, However, modern Earth science
also involves the study of systerns that may include living organisms. The
foundation of space science is qgtromn ‘the study of the universe
beyond Earth, including the sun, moon, planets, and stars..

The study of living things is known as bjology, or life science.
Biology is not only the physics and chemistry of living things, but the
study of the origin and behavior of living things. Biologists study. the
different ways that organisms grow, survive, and reproduce.

The problem with subdividing science into different areas is that
there is often overlap between them. The boundary around each area of
science is not always clear. For instance, much of biology is also chem-
istry, while much of chemistry is also physics: And a rapidly growing
area of physics is biophysics, the application of physics to biology.

‘' Reading . , . S
¥} Checkpoint / What is physical science:

ERTT N

science, Earth and. space science, and life' science. Each"of these™ ~




The Big ldeas of Physical Science

What are the basic rules of nature? You can read this book to find out. GO ’i@ nll}ée

As a sneak preview, some of these rules are summarized here. You can lINKS
think of them as the big ideas of physical science. Keep in mind that For: Links on mation

there are also unknown rules of nature that are waiting to be discovered. Visit: www.Scilinks.org

In fact, you can take part in the search for these unknown laws if you Weh Code: ccn-0011

become a scientist. Even though scientists have already discovered a
great deal about the universe, there is still much to learn.

Space and Time The universe is both very old and very big. The:
age of the universe is about 13,700,000,000 (13.7 billion) years. The
observable universe is about 700,000,000,000,000,000,000,000,000
(700 million billion billion) meters in diameter; The diameter of Earth
is “only” 12,700,000 meters. To get an idea of how big this distance is,
the diameter of a giant beach ball is about 1 meter.

Matter and Change A very small amount of the universe is
matter. Matter has volume and mass, and on Earth usually takes the
form of a solid, liquid, or gas. All matter that you are familiar with,
from plants t6 tars to dfimals to humans; is made up of buildifig: | ~= = s e -
blocks called atoms. Atoms consist of even smaller building blocks
called electrons, protons, and neutrons. .

!’/ Forces and Motion' If you push on something that is sitting still,
it starts to move. If you push on something that is already moving, you.
will change its motion. Forces cause changes in motion. As Figure 4
shows, your world is filled with motion and forces. Calculating these |
forces can sometimes be very challenging. For example; ona NASA
mission to Mars, the Mars Exploration Rover must blast off from Earth
with enough speed to escape Earth’s gravity. The rocket must then
travel a great distance through space and land delicately on a planet

that is moving very rapidly around the Sun. The laws of physics allow Figure 4 The motion of cars on a
city street is captured.in this time-

these movex’nen.ts to be calculated exactly so that the NASA robots get exposure photograph. Forces.

to where scientists want them to go. -

govern changes in the motion of
2ach car..




Figure 5:Panels on'a solar car.
convert energy. from the sun into
the mechanical energy of its
moving parts..
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Reviewing Concepts
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Energy Energy exists in many forms, Moving objects have
a kind of energy called kinetic energy. Objects moved against
a force have another kind of energy called potential energy.
Energy also exists in matter itself. When one form of matter
changes into another form, energy is either absorbed or
released. Matter itself can also be changed into energy.

Energy can be transferred from one form or object to
another, but it can never be destroyed. If you push on a door
and it swings open, you transfer energy from yourself to the
door. Your cells.are using the chemical energy stored in the
food you have eaten to supply energy to your muscles, which
then transfer energy to the door.

Science and Your Perspective

As you read this book, remember that science is both a process and a
body of knowledge. The information in this book represents the best
up-to-date models of how the universe works.. However, like all
models, some of these models will be rejected and replaced in the
future. For instance; more moons revolving around Jupiter and Saturn

.- will most likely be discoyered as telescopes get better. [t is therefore -

possible that by the time you read this book Saturn will be known to
have more than the 30 moons currently identified. Be skeptical. Ask.
questions. Be aware that the scientific facts of today might change -
tomorrow. However, believe in the scientific process that has discov-
ered them. And believe that you may be the one who makes the
discoveries that will change scientific facts in the future.+.

7. Making Judgments. Advances in science do

1. & How does the scientific process start not always immediately fead to advances in
and end? technology. Why are such scientific advances
) ”-
2. (® How are science and technology refated? Sct;" va-lua-b[e. [
3. (. What are the branches of natural science? 8. Classifying Is the study of the muscle-

4, Explain the advantages and disadvantages of
subdividing science into many different areas.

5..Why do scientists seek to discover new laws of

the universe?

Critical Thinking Compare and Contrast Paragraph Write
6. Evaluating Why does the progress of science a paragraph comparing two branches of
require both curiosity and methodology? science. (Hint: Use an example that shows
Explain the role of each in scientific how these branches can overlap.)
investigations.

| & Chapterl

movements in the human body an example:
of biology or of physics? Explain.
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Key Concepts i Yocabulary Reading Strategy

@ What is the goal of a + scientific method Using Prior Knowledge Before you read,
scientific method? + observation copy the web diagram below. Add to the

™ Haw does a sclentific law + hypothesis web c!iagram what you already know about
differ from a scientitic + manipulated scientific methods. After you read this section;
theory? - variable - revise the diagram based on what you have .

€ Why are scientific » responding variable learned.
maodels usefui? + controlled

experiment - - Observation
+ scientific theory h
+ scientific law a. ?
+ model N Scientific

Methaods:

L SR P A
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gf you've ever been caught in the rain without an umbrella, your first .
instinct was probably to start running. After all, the less time you spend -
in the rain, the less water there is falling down on you. So you might
think that running in the rain keeps you drier than walking in the rain -
over a given distance. However, by running in the rain you run into.
more raindrops than by walking, thereby wetting more of your face;.
chest, and legs: Have your instincts been getting you wetter instead of
keeping you drier? -

You now have a question that you can try to answer with a scien-
tific approach. Whicli keeps you drier in the rain—walking or running?.

| A Scientific Methods

In order to answer questions about the world around them, scientists
need to get information. An organized plan for gathering, organiz-
ing, and communicating information is called a scientific method..
Despite the name, a scientific method can be used by anyone, includ-
ing yourself. All you need is a reason to use it. €= The goal of any
scientific method is to solve a problem or to better understand an
observed event.

Figure 6 This cricket player is running in the rain. Designing
Experiments How can you test if running in the rain keeps yo
s mme e tharr walking i the rai over the same distance? T

Science Skills 7
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/ Make observatlon ]

e

T e :

2" Ask question:

with an:.

Y TN '.i‘ .
Teit hypothiesist, -
with further: .
experiments. »/

experlment ict.
-

" and draw
conclusions. .

Figure 7 outlines an example of a scientific method.
Each step in the method shown involves specific skills,
some of which you will be learning as you read this book.
It is important to note that scientific methods can vary
from case to case. For'example, one scientist might follow
the steps shown in Figure 7 in a different order, or another
might choose to skip one or more steps.

Making Observations Scientific investigations
often begin with observations. An observation is infor-
mation that you obtain through your senses. Repeatable
observations are known as facts. For example, when youn
walk or run in the rain, you get wet. Standing in the rain
leaves you much wetter than walking or running in the
rain. You might combine these observations into a ques-
tion: How does your speed affect how wet you get when
you are caught in the rain?

Forming a Hypothesis: A hypothesis is a proposed

answer to a question. To answer the question raised by
... your. observations about travelirig in the rain, you might.

guess that the faster your speed, the drier you will stay in

Figure 7 A scientific method. " .
provides a useful sirategy for- -
solving problems.:

Inferring Is an observation -
required in order for you to-
arrive at a question? What does

this tell you about the strictness:”

of the scientific method?

8 Chapter |

the rain. What can you do with your hypothesis? For a
hypothesis to be useful, it must be testable..

Reading, : ,
@r Checkpoint: ) What is a hypothesis?

Testing a Hypothesis Scientists perform experiments to test

their hypotheses. In an experiment, any factor that can change is
called a variable; Suppose you do an experiment to test if speed affects
how wet you get in the rain. The variables will include your speed,
your size, the rate of rainfall, and the amount of water that hits you.

Your hypothesis states that one variable, speed, causes a change in
another variable, the amount of water that hits you. The speed with
which you walk or run is the manipulated variable, or the{ variable that
causes a change in anotheﬂ The amount of water that you accumulate
is the responding variable; or the\varxable that changes in response to
the manipulated varlable‘l To examine the relationship between a
manipulated variable and a responding variable, scientists use con-

‘trolled experiments. A controlled experiment is an experiment in

which only one variable, the manipulated variable, is deliberately
changed at a time, While the responding variable is observed for
changes, all other variables are kept constant, or controlled.



e
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- nation of such a pattern is provided by a scientific theory.——— i

[n 1997, two meteorologists conducted a controlled experiment to
determine if moving faster keeps you drier in the rain. In the experi-
ment, both scientists traveled 100 yards by foot in the rain. One of them
walked; the other ran. By measuring the mass of their clothes before
and after traveling in the rain, the scientists were able to measure how
much water each had accumulated. One of the controlled variables was
size—the two scientists were about the same height and build, Another
was the rate of rainfall—the scientists began traveling at the same time

during the same rainstorm on the same path. A third was the ability to
absorb water—the scientists wore identical sets of clothes.

Drawing Conclusions The scientists’ rainy-day experiment
produced some convincing data ) The clothes of the walking scientist
accumulated 217 grams of Water,* Twhile the clothes of the i running sci-
entists accumulated 130 grams of wateri Based on their data, the
scientists concluded that running in the rain keeps you drier than
walking—about 40 percent drier, in fact. Now you have scientific evi-
dence to support the hypothesis stated earlier.

What happens if the data do not support the hypothesis? In such

_1case,a sc1entlst can rewse the hypothesm O Propose a new one, based

TR L h e

" onl the data from the experiment. A new experiment must-then be:”

designed to test the revised or new hypothesis.

Developing a Theory Oncea hypothesis has been sup-
ported in repeated-experiments, scientists can begin to develop
a theory. A scientific theory is a well-tested explanation for a
set of observations or experimental results. For. example,
according to the kinetic theory of matter, all particles of matter
are in constant motion. Kinetic theory explains a wide range of
observations, such as ice melting or the pressure of a gas.

Theories are never proved. Instead, they become stronger
if the facts continue to support them: However, if an existing.
theory fails to explain new facts and discoveries, the theory may
be revised or a new theory may replace it.

Scientific Laws

Alftter repeated observations or experiments, scientists may arrive
at a scientific faw. A scientific law is a statement that summa-
rizes a pattern found in nature. For example, Newton’s law of
gravity describes how two objects attract each other by means of
a gravitational force. This law has been verified over and over.
However, scientists have yet to agree on a theory that explains
how grawlty works. {3 A scientific law describes an observed
pattern in nature without attempting to explain it. The expla-

Go sdnline
— SRS

For: Articles on the nature
of scienca

Visit: PHSchool.com
Web Code: cce-0011

Figure 8 An environmentai
scientist collects a sample for a
water pollution study. After
-~ analyzingthe sample, the scientist-~ ~-
can draw conclusions about how

the water became poiluted.

Science Skills 9



Figure 9 Two engineers discuss

a computer-aided design, or CAD,

of an aircraft component.

10 Chapter |
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If you have ever beenlost in a city, you know that a street map can help

"you find- your location: A-street. mapisa type of model, or TEPIEserIta= = turme ros v2air

tion, of an object or event. {2 Scientific models make it easier to
understand things that might be too difficult to observe directly. For
example, to understand how Earth rotates on its axis, you could look
ata globe, which is a small-scale model of Earth: The computer model
in Figure 9 represents the.interior of an airplane. Other models help
youvisualize things thatare too small to see; such as atoms. As long as
a model lets you mentally picture what is supposed to be represented
then the model has done its job..

An example of a mental, rather than physical, model might be that
comets are like giant snowballs, primarily made of ice, Scientists would
test this model through observations, experiments; and calculations.
Possibly they would even send a space probe—a visit to a comet really
is planned! If all of these tests support the idea that comets are made of
ice, then the model of icy comets will continue to be believed. .

However, if the data show that this model is wrong, then it must
either be changed or be replaced by 2 new model. If scientists never
challenged old models, then nothing new would be learned, and we
would still believe what we believed hundreds of years ago. Science
works by making mistakes. The fact that newer models are continually
replacing old models is  sign that new discoveries are. continually
occurring. As the knowledge that makes up science keeps changing,
scientists develop a better and better understanding of the universe.

Reading ,
'\J Che(:kpomt . What is a model?



Working Safely in 5cienca
Scientists working in the field, or in a labora-
tory, like those in Figure 10, are trained to use
safe procedures when carrying out investiga-
tions. Laboratory work may involve flames or
hot plates, electricity, chemicals, hot liquids,
sharp instruments, and breakable glassware.

Whenever you work in your science labora-
tory, it’s important for you to follow safety
precautions at all times. Before performing any
activity in this course; study the rules in the
Science Safety section of the Skills Handbook.
Before you start any activity, read all the steps.
Make sure that you understand.-the entire pro-
cedure, especially any safety precautions that
must be followed.

The single most important rule for your safety is simple: Always Figure 10 Safety plays an:
follow your teacher’s instructions and the textbook directions exactly ::tiiﬁf:tﬁ;;’iénoig:nﬁl;a ¢ safety
If you are in doubt about any step in an activity, always ask your measures are these scientists
teacher forarnrexplanation: Bécause youwriiay be'in tontict with'cherty=* - | - - taking in-their laboratory werkd~.= --
icals you cannot see, it is essential that you wash your hands thoroughly
after every scientific activity. Remember, you share responsibility for
your own safety and that of your teacher and classmates.:

- rir

TR N o TR

Reviewing Concepts-

7. Designing Experiments: Suppose you

1. G What is the goal of scientific methods? wanted to find out how running affects your -

2, (@ How does a scientific law differ from a pulse..rate., What would your hypothesis be?
scientific theary? Explain how you could test your hypothesis.-

3. @ Why are scientific models useful? 3. Using Models- A scientific model can take

) ) the form of a physical object or a concept. List
4. What are three types of variables in a: one example of each type of model: How-
controlled experiment? does each one resemble what it is supposed
5. Does every scientific method begin with an to modei?
observation? Explain. *

Critical Thinking.
6. Classifying The scientists who tested the o _ .
hypothesis on running in the rain performed Descriptive Paragraph Write a paragraph
only one controlled experiment that supported describing the steps of a scientific method,
their hypothesis. Can their supported (Hint: Before you write, use a flowchart to
hypothesis be called a theory? Explain. arrange your steps in a particular order)

Science Skills 1T
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| Key Concepts- VYocabuiary Reading Strategy
@@ Why is scientific + scientific notation Previewing Make a table like the one below,
notation useful? + length Before you read the section, rewrite the green
& What units do + mass and blue topic headings as questions. As you .
scientists use for their » volume read, write answers to the questions..
7 measurements? . + density
@ How daes the precision + conversion factar Measurement
of measurements {a\ﬁ‘et;t_ + precision Why fs scientific notation useful?
thf—' Pll'et‘_:'s'c';' ‘?f scientific + significant figures a 7
calculations?- + accuracy .- .
+ thermometer i b. ?

.

R R

i ogy_ old are you? How tail are.you? The answers to-these questions: -

T T e T T e measurements, Measurements are important in both science and
f ;g;';:rymffr':':;':? ;Sg?ﬁ;cii zh_at - |- everyday life. Hardly a day passes without the need for you to measure
stars in the Milky Way galaxy. - amounts of money or the passage of time: It would be difficult to imag-
Applying Concepts What is this ine doing science without any measurements. =~

) number in scientific notation? .

Using: Scientific Notation:
How many stars do you see in Figure 11? There are too many
to ‘count. Scientists often work with very:large or very small
numbers. For example, the speed of light is about 300,000,000
- meters per second. On the other hand, an average snail has
been clocked at a speed of only 0.00086 meter per-second.
. Instead of having to write out all the zeroes in these num-
. bers, you can use a shortcut called scientific notation.
Scientific notation is a way of expressing a value as the prod-
“uct of a number between 1 and 10 and a power of 10. For
example; the number 300,000,000 written in scientific nota-
tion is 3.0 X 103, The exponent, 8, tells you that the decimal
point is really 8 places to the right of the 3, -
~ Pornumbers less than 1 that are written in scientific nota-
tion, the. exponent is negative. For example, the number
0.00086 written in scientific notation is 8.6 X 10~4 The neg-
ative exponent tells you how many decimals places there are
to the left of the 8.6. &3 Scientific notation makes very large
_ or very small numbers easier to work with,




T width of 2.4 X 103 meters, What is the area of the parking lot?

ot e @iven, and.the units (m2) indicate-area——

When multiplying numbers written in scientific notation, you
multiply the numbers that appear before the multiplication signs and
add the exponents. For example, to calculate how far light travels in
500 seconds, you multiply the speed of light by the number of seconds,

(3.0 X 108 m/s) X (5.0 X 10%s) = 15X 1010 m = 1.5 x1pl1 m

This distance is about how far the sun is from Earth,

When dividing numbers written in scientific notation, you divide
the numbers that appear before the exponential terms and subtract the
exponents. For example; to calculate how long it takes for light from
the sun to reach Earth, you would perform a division.

1l
Lo X 1022m _ L5 o 1011-85 =050 x 103« =5.0 X 1025

3.0 X 108 m/s 3.0

For: Links on universai
measurements -

Visit: PHSchool.com
Web Code: ccc-0013

' Using Scientific Notation -
- A rectangulasparking.Jot hias-adenglbr-ok-k F-<~1 03 meters and s

«#3» Read and Understand

E What information are you given?
f Length (I) = 1.1 X 103 m
f " Width (%) =2.4 X 10°m
i %2 Plan and Solve.
What unknown are you trying to calculate?
Area(A) =¢?

What formula contains the given quantities and -
the unknown?

1. Perform the following:
calculations. Express your
answers in scientific notation.

a. (7.6 X104 m) x
{(1.5% 107 m)--

b. 0.00053.+ 29"

2. Calculate how far light travels-
in 8.64 X 10*seconds. (Hint: -

The speed of light is about.
3.0 X108 mfs.) -

A=IXw
Replace each variable with its known valye,

A=IXw=(1.1X10°m)(2.4 X 103 m)
= (11X 2.4) (10* +3)(m X m)
=2.6 X 106 m2

: “"@ Look Back and Check

Is your answer reasonable?

i Yes, the number calculated is the product of the numbers

Science Skills

15




<1 UMNTs oF Measurement

Fora measurement to make sense, it requires both a number and 5
unit. For example, if you told one of your friends that you had fin-
ished a homework assignment “in five” what would your friend
think? Would it be five minutes or five hours? Maybe it was a long
assignment, and you actually meant five days. Or maybe you meant
that you wrote five Pages. You should always express measurements
in numbers and units so that their meaning is clear. In Figure 12,
~ students are measuring temperature in degrees Celsius.

Many of the units you are famniliar with, such as inches, feet,
and degrees Fahrenheit, are not units that are used in science,
€ Scientists use a set of measuring units called SI, or the

International System of Units, The abbreviation stands for the
French name Systeme International d’Unités. SI is a revised ver-
sion of the metric system, which was originally developed in
France in 1791, By adhering to one System of units, scientists can
readily interpret one another’s measurements,

.t Figure'12: A measurement- - o . y . L _
' consists of a number and a unit. . Base Units and Derived Units ST is built upon seven metric

i Oneof the units used to meafure:: units, known as base units; which are listed in Figure 13.In SI, the base
temperature is the degree Celsjus, -

“ime o ORILEOL Tength, orthe straight-line distance betweentwo points, is the
T e e e e meter (m). The base- unit for mass; or the quantity of matter in an
object or sample, is the kilogram (kg). ,
Additional S units, called derived units, are made from combina-
tions of base units. Figure 14 lists:some common- derived units. For
example, volume is the amount of space taken-up by an object. The
‘volume of a rectangular box equals its length times its width times its
height. Each of these:dimensions can be measured in meters, so you
can derive the ST unit for volume by multiplying meters by meters by
meters, which gives you cubic meters (m?), '

eckUnlitss:

Quantity:-. .

Unit ‘ , _ Symho)--. Quantity: - : . Symbol..
Length - meter , m Area square meter - - | m?
Mass kilogram- kg - Volume cubic meter- - m3 -
Temperature - _—kelvin K o Density kilograms per cubic meter kagsm?
Time: second - ..--.-.-s_ N Pressure pascal (kg/mes?) Pa
-Amount of substance: ?ole:' T -_m“r;;o_l- ” Energy - joule (kgem?/s?) - "
Electric current ! -ampere S m“_;ﬂ; o Frequency hertz (1/5) Hz
Luminou§ intensity f candefah [ —Ed T Electric charge | coulomh (Ass) . C
Figure 13 Seven metric base units make up the Figure 14 Specific combinations of St base units yield
foundation of Si. derived units,

16  Chapter 1




4 Figure 15 Metric prefixes allow .

Prefix: 1 Multiply Unit by

giga- G | biflion (10%)  1,000,000,000

mega- 131 . million (106) ' 1,000,000
kilo- +  k thousand {10%) | 1000

deci- . d° tenth(1077) } 0.1
conti- | €. { huncradth (10°2) | 001

milli- |+ m ' thousandth (10~%) | 0.001

micro- | u . millionth (107%) 0.000001
nano= | n billionth (107%) - 0.000000009 |

Another quantity that requires a derived unit is density. Density is
the ratio of an object’s mass to its volume.

Mass

Density = Volume

To derive the SI unit for density, you can divide the base unit for mass

Ly the derived unit. for.volume. Dividing kilograms by cubic meters -}

yields the SI unit for density, kilograms per cubic meter (kg/m?).

¢ Reading:

'} Checkp ointﬁ) What is the SI derived unit for density?

Metric Prefixes: The metric unit for a given quantity is not always:
~ a convenient one to use: For example, the time it takes fora computer::

hard drive to read or write data—also known as the seek time—is in
the range of thousandths of a second: A typical seek time might be
0.009 second. This can be written in a more compact way by using a
metric prefix. A metric prefix indicates how many times a unit should.
be multiplied or divided by 10. Figure 15 shows some common metric

prefixes. Using the prefix milli- (m), you can write 0.009 second as-

9 milliseconds, or 9 ms.
—-_9 .
9ms = 0005 = 0.009 s

Note that dividing by 1000 is thie same as multiplying by 0.001.

Metric prefixes can also make a unit larger. For example, a distance -

of 12,000 meters can also be written as 12 kilometers.
12km =12 X 1000 m. = 12,000 m

Metric prefixes turn up in non-metric units as well. If you work with
computers, you probably know that a gigabyte of data refers to

- 1,000,000,000 bytes. A- megapixel-is-1;000,000- pixels:

for more convenient ways to
express.S| base and derived units.

e A L g lid s

A

Figure 16 A bar of gold has
more mass per unit volume than a
feather. Inferring Which takes
up more space—aone kilograrm of

= gold orone kilagiam of feathers?
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The easiest way to convert from one unit of measurement to
another is to use conversion factors. A conversion factor is a ratio
of equivalent measurements that is used to convert a quantity
expressed in one unit to another unit. Suppose you want to con-
vert the height of Mount Everest, 8848 meters, into kilometers.
Based on the prefix kilo-, you know that | kilometer is 1000
meters. This ratio gives you two possible conversion factors.

‘Mutrition

serving Size 1 0z (28g/about 18 ch 3
Servingé Per Gontainer 7 Chips)

hsiseiifis

Amuound Per Serving
Calories 150

Calories from Fat 8g

% Daily Valug*
Tatal Fat 9g 14% 1 km 1000 m
Saturated Fat 1g 5%, 1000m ikm
Polyunsaturated Fat 1g o
Monounsaturated Fat 7g-

Since you are converting from meters to kilometers, the number
should get smaller. Multiplying by the conversion factor on the
left yields a smaller number,

Cholesterol Omg 0% e
Sodium 160mg ?7"/&3 X 3848 mr X T00 8.848 km
Notice that the meter units cancel, leaving you with kilometers (the

Figure 17 Nutrition labels often
have same measurements listed in
grams and milligrams... -
Calculating How many grams .
are in 160 milligrams?

larger unit),

To convert 8.848 kilometers back into meters, multiply by the con-
version factor on the right. Since you are converting from kilometers
to meters, the number should get larger.-

B L TR LRy

8.848 lum X Tkm 8843 m.

- ‘s T T I S PP
2 P A U T A A b &, T & R M £ T8 . ’

PRPIEIET

In this case, the kilometer units cancel, leaving you with meters.

% e ?@@%@%ﬁ‘? ¥
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Comparing Precision -

Materials

3 plastic.bottles of different sizes; beaker;
graduated: cylinder

4. Repeat Steps 2 and 3 with two other- I
plastic bottles. - '

Analyze and Conclude ?

1. Analyzing Data Review your volume.
measurements for one of the bottles; How
many significant figures does the volume:
measured with the beaker have? How many -
significant figures does the volume measured -
with the graduated cylinder have?

Comparing and Contrasting Which .
provided a more precise measurement— }

Procedure- LY
1. Draw a data table with three rows and three

columns, Label the columns Estimate, Beaker,
and Graduated Cylinder:

2. Record your estimate of the volume of a plastic -
bottle in your data table; Then, fill the bottle
with water and pour the water into the beaker,
Read and record the volume of the water, .

. Pour the water from the beaker into the - -

graduated cylinder. Read and record the
volume of water, -

the beaker or the graduated cylinder?

Inferring How could you determine the
accuracy of your measurements?
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Limits of Measurement

Suppose you wanted to measure how much time it takes for you to eat
your breakfast. Figure 18 shows two clocks you could use—an analog ‘
clock and a digital clock. The analog clock displays time to the nearest
minute. The digital clock displays time to the nearest second (or one
sixtieth of a minute). Which clock would you choose?

Precision The digital clock offers more precision. Precision is a
gauge of how exact a measurement is. According to the analog clock,
it might take you 5 minutes to eat your breakfast. Using the digital
clock, however, you might measure 5 minutes and 15 seconds, or
5 25 minutes. The second measurement has more significant figures.
Significant figures are all the digits that are known in a measurement,
plus the last digit that is estimated. The time recorded as 5.25 minutes
has three significant figures. The time recorded as 5 minutes has one
significant figure. The fewer the significant figures, the less precise the
measurement is.

Wher you make calculations with measurements, the
uncertainty of the separate measurements must be correctly

. reflected in the.final result. €@ The precision of a calculated
answer is limited by the least precise measurement used in
the calculation. So if the least precise measurement in your
calculation has two significant figures, then your calculated
answer can have at most two significant figures:

Suppose you measure the mass of a piece of iron to be
34,73 grams on an electronic balance. You then measure the
yolume.to be 4.42. cubic centimeters. What is the density of -
thedromd Tt e e e

Density = f%zzgr—fg = 7.857466 glem®

Your answer should have only three significant figures because .
the least precise measurement, the volurme, has three signifi-
cant figures, Rounding your answer to three significant figures -
gives you a density of 7.86 grams per cubic centimeter. -

Accuracy Another important quality in a measurement
is its accuracy. Accuracy is the closeness of a measurement to
the actual value of what is being measured. For example, sup-
pose the digital clock in Figure 18 is running 15 minutes
slow. Although the clock would remain precise to the near-

est second, the time displayed would not be accurate. Figure-18 A more precise time can be read
from the digital clock than can be read from
’ Reading ‘ the analog clock. The digital clock is precise to
. ] ’ ? . -
g, Checkpoint What is accuracy: the nearest second, while the analog clock is

precise to the nearest minute,

el e A Fotas |
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Measuring Temperature

Fahrenheit {°F) A thermometer is an instrument that measures

Water boils 212 100 373 temperature, or how hot an object is. The How It

Human body 98.6 37 310 Works box on page 21 describes how a bulb ther-
mometer measures temperature.

Average room 68 20 293 The two temperature scales that you are prob-

Water freezes 32 0 273 ably most familiar with are the Fahrenheit scale

Figure 19 Temperature can be
expressed in degrees Fahrenheit,
degrees Celsius, or kelvins.

Reviewing Concepts.
1. & Why do scientists use scientific notation? Celsius, and then into kelvins.

2, G What system of units do scientists use

for measurements?.

3. @ How does the precision of measurements
affect the precision of scientific calculations?

4, List the Sl.units for mass, length; 7. Write the following measurements in- -

and temperature..

Critical Thin!ciﬁg

5. Applying Concepts A bulb thermometer b.45,000,000,000 km
gives an indoor temperature reading of 21°C, 3

A digital thermometer in the same room gives
a reading of 20.7°C. Which device is

more precise? Explain.

20  Chapter 1

) and the Celsius scale. On the Fahrenheit scale,
water freezes at 32°F and boils at 212°F at sea level. On the Celsiis (or
centigrade) scale, water freezes at 0°C and boils at 100°C. A degree
Celsius is almost twice as large as a degree Fahrenheit. There is also a
difference of 32 degrees between the zero point of the Celsius scale and
the zero point of the Fahrenheit scale. You can convert from one scale
to the other by using one of the following formulas.

°C=F(F-320°  °F= 2(C)+320°

The SI base unit for temperature is the kelvin (K). A temperature
of 0 K, or 0 kelvin, refers to the lowest possible temperature that can
be reached. In degrees Celsius, this temperature is —273.15°C. To con-
vert between kelvins and degrees Celsius, use the following formula.-

R e T = s

K=°C + 273

Figure 19 compares some common temperatures expressed in degrees
Celsius, degrees Fahrenheit, and kelvins. .

6. Calculating Convert —11°F into degrees

scientific notation. Then convert each
measurement into SI base units.

a. 0.0000000000372 g

. The figuid in a bulb thermometer falls
1.7 cm. Calculate the liquid’s change
in volume if the inner radius of the
tube is 6.5 X 10=3 cm,

vraned



 Hidarka

S S EEAERR % S o A A NPT

Thermometer

A bulb thermometer consists of a sealed, narrow glass tube,
called a capillary tube. It has a glass bulb at one end and is
filled with colored alcohol or mercury. The thermaometer
works on the principle that the volume of a liquid changes
when the temperature changes. When

warmed, the liquid in the bulb takes i

up more space and moves up the B
capillary tube. -

Interpreting Diagrams Why is a
thermometer with a narrow tube
easier to read than a thermo-
meter with a wide tube?

Vieasuring temperature-
Thermometers are useful
scientific instruments. They can
be used to measure the static !
temperature of a material,

_or to record the change in
temperature of a substance

being heated, as shown above.

Scale The scale indicates the
temperature according to how-
far up or down the capillary

ittt s v o et Trs o GRlSiUS (EOREIgrade) s w o e JLube theliquid NAS MOYEH s i e wierpes s s

temperature scale .

Fahrenheit scale

Wide or narrow?

The volume of a tube is calculated-

_ using the formula V' = nr2/, where -
ris the radius and / is the length.
For a given volume, if the radius of
a tube is decreased (as in a capillary
tube); the length of the liquid-
column increases. Any change in-
volume is then easier 1o see:-

Capillary tube

B
i} Liquid rises.
4 moreina

Colored liquid Tfie
fiquid moves up and
down the capiflary
tube as the tem-
perature changes.

Compressed
scale

. for the same

temperature
Liquid rises . change.
lessina )
wide tube . ¥ &5

for the same \ i p ded

Sl Xpanded,
Bulb The bulb temperature .
contains the change. easy-to-read scale |

reservoir of fiquid..—" &

e, ) o2 e T PP N P L P T ST L Pt L LR AR LV Y SR L R T P L TR T |
=i R ’
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Key Concepts
& How do scientists
organize data?

& How can scientists
communicate
experimental data?

Vocabulary Reading Strategy
+ slope Comparing and Contrasting After you
+ direct proportion read this section, compare types of graphs
+ inverse proportion by completing the table below,
Type of | Description Used Far-
Graph
Line a.__ 7 b, ?
Bar .. 7 d. ?
| Circle & _?7 f 7

Average Annual-
Pracipitation (cm) .

media. Newspapers, television, radio, and the Internet let you access a.
wealth of information abount events going on in the world. But in order -
for news to be useful, it must be communicated. If a news reporter wit-
nesses an event but doesn’t report it, then he might as well not have
seen it. If the event is reported, then it must be described in a clear,
organized manmner for it to be understood and appreciated. Like the

- news, scientific data become meaningful only when they are organized
and communicated..

- Organizing Data
Scientists accumulate vast amounts of data by observing-

events and making measurements. Interpreting these
data can be a difficult task if they are not organized.

‘,}' th
& 2

€& Scientists can organize their data by using data

tables and graphs. These tools make it easier to spot pat-

terns or trends in the data that can support or disprove

a hypothesis.

N ' Data Tables. The simplest way to organize data is to
!‘5 " g;'f present them in a table. Figure 20 is a data table that

Buffalo, N.Y. 98.0 -
Chicago, IIl. 91.0
Colarado Springs, Cola. 41.2
Houston, Tex.. 117.0
San Diego; Calif. 25.1°
Tallahassee, Fla. 166.9
Tucson, Ariz. 30.5

shows the average annual precipitation for seven US.
cities. The table relates two variables—a manipulated

Figure 20 Using a table is a simple way to present variable (location) and a responding variable (average

data visuaily.

22 Chapter I

annual precipitation).
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v Rise=5g £ 25
3 sl E 20~ '
i Run =5cm = 1.5
2 4 ! 10
3 0.5
2 ' b
1 .-f 0 1.
0 | 0 05 10 15 20 25 3.0 35 40.45
012 3 45 6 7 82910 .
Flow Rate {gallons per minuta).
Volume {cm?) @ P )
Figure 21 Plotting the mass of water against the- Figure 22 In an inverse proportion, the product of two
valume of water yields a straight line. variables remains constant. Each point on the graph
Using Graphs What does the slope represent? above represents the same volume of water: 1 gallon.

Line Graphs Aline graph is useful for showing changes that occur: . _

~—w=m e yelated variables: Iivaling graph; the manipulated variable'is gengr-—*" T
ally plotted on the horizontal axis, or x-axis. The responding variable
is plotted on thevertical axis, or y-axis, of the graph.

Figure 21 is a line graph that shows how the mass of water increases.
with volume. The data points yield a straight line: The steepness, or
slope; of this line is the ratio of a vertical change to the corresponding
horizontal change. The formula for the slope of a line is

~Rise-~

Slope = Run

“Rise” represents the change in the y-variable. “Run” represents the cor-
responding change in the x-variable. Note that in Figure 21, because
mass per unit volurne is density, the slope represents the density of water. .
The relationship between the mass.and volume of water is an
example of a direct proportion. A direct propertion is a relationship
in which the ratio of two variables is constant. For example, suppose
you have a 3-cubic-centimeter sample of water that has a mass of
3 grams. Doubling the volume of the sample to 6 cubic centimeters
results in doubling the mass of the sample to 6 grams. Tripling the-
volurme to 9 cubic centimeters results in tripling the mass to 9 grams.
Figure 22 shows how the flow rate of a water faucet affects the time .
required to fill a 1-gallon pot. Figure 22 illustrates an inverse proportion, ( GO ‘“‘EI@ nllne
a relationship in which the product of two variables is a constant. If you | “————— 5C, [[ NKS
start with a flow rate of 0.5 gallon per minute, you will fill the pot in
2 minutes. If you double the flow rate to 1.0 gallon per minute, you reduce
 the time required to fill the potto 1 minute, or one half of the original time.

For: Links on graphing
o |- - Milsits wwweScilinks.org—— - ——§ —
Web Code: ccn-0014
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’ Type of: Data Transfer | Upload Time
Modem- Rate (kbps) for 1 MB(s)
Faster Than Speeding Data “SKdialup | 28 . zs
Cable i 64 ! 125
A modem is a device used to send and receive: DSL 128 ! Py
data. For-examnple, if you upload an image to a | i
Web site, the modem in your computer converts Cable i 256 | 31
the data of the image into a different format. The DSL 6a0. ' 13
converted data are then sent through a telephone :
line or cable TV fine. The smallest unit of data that - . .
can be read by a computer is a binary digit, or kbps. The time required to upload a T-megabyte
“bit.” A bit is either a 0 or a 1. Computers process ~ (MB) file is given for each rate listed.
bits in larger units called bytes, A byte is a group 1. Using Graphs Use the data in the table to
of eight bits. - Create a line graph. Describe the relationship
The table shows the data transfer rates for between data transfer rate and upload time.
modems used in home computers; Data transfer 2. Inferring How would doubling the data
rates are often measured in kilobits per secand, or transfer rate affect the upload time?
. J

Bar Graphs A bar graph is often used to compare a set of meas-
urements, amounts, or changes. Figure 23 is a bar graph of the data. ‘
PSS Y teveet F-igﬁréﬂOr’Fhé‘bﬁTgrdph tnakes it easy to see’how the data for opgg s e ~we -
) city compare with the data for another: |

Circle Graphs. If you think of a pie cut into pieces, you have a mental

model of a circle graph. A circle graph is a divided circle that shows how-
a part or.share of something relates to the whole. Figure.24 is a circle -
graph that describes the composition of Earth’s crust. The-entire cirdle

represents the mass of Barth’s crust, Each “slice” of the circle represents a

percentage of that mass corresponding to a specific substance..

i

et

e uw.'.%i"u"'
oy

Iron 5.0%.
~ Calcium 3.6%
- Sodium 2.8%

Potassium 2.6%

Average Annual
Precipitation (em) ¢

Magnesium 2,1%
Other 1.5%

Figure 23 A bar graph is useful for comparing several Figure 24 A circle graph is useful for showing how a part
measurements. of something relates to the whole.

24  Chapter |



=C?0mmunicaﬁngj-D!‘ata;" |

A crucial part of any scientific investigation is reporting the results.

¢™ Scientists can communicate results by writing in scieintific.

journals or speaking at conferences. Scientists also exchange information

through conversations, e~mails, and Web sites. Young scientists often

present their research at science fairs like the one in Figure-25.
Different scientists may interpret the same data différently. This

_important notion, is the basis for peer rev1ew, a process’ in whu:h scix .

entists examine: “other scientists’ work. Not only do scientists share

research with their peers; but they also invite feedback from those.

peers. Peer review encourages comments, suggestions, questions, and
criticism from other scientists. Peer review can also help determine if
data were. reported accurately and honestly: Based on their peers’

responses; the scientists who submitted theit work for review can then-

reevaluate how to best interpret their data. -

Figure 25 At a sclence fair,
students communicate what
knowledge they have gained by
using scientific methods.

Reviewing Concepts.
1. €& How do scientists organize data? -

2. & How can scientists communicate -
experimental results? -

3. What does a given point represent an’
a line graph? ‘

4, The density of copper is 8.92 g/cm% If you
plotted the mass of copper in grams versus:.

the volume in cubic centimeters, what wouid.
the slope of the line be?

Critical Thinking
5. Comparing and Contrasting. When would
- ——_.you choose a fine graph to present data?

6. Using Tables and Graphs Count the
number of students in your class with blue
eyes, brown eyes; and green eyes. Display
these data in a table and bar graph.:

Scientific Methods Reread the descrip-
tion of scientific methods in Section 1.2.
Then write a paragraph explaining which  *
steps in a scientific method might require
data to be organized. (Hint: You might use
information diagrammed in Figure 7.)

When wouid you choose a bar graph?
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